Objective-To determine whether small for gestational age (SGA) infants <27 weeks gestation is associated with mortality, morbidity, growth and neurodevelopmental impairment at 18-22 months' corrected age (CA).
Results-There were 385 SGA and 2586 non-SGA infants. Compared with the non-SGA group, mothers of SGA infants were more likely to have higher level of education, prenatal care, cesarean delivery, pregnancy-induced hypertension and antenatal corticosteroid exposure. SGA infants were more likely to have postnatal growth failure, a higher mortality and to have received prolonged mechanical ventilation and postnatal steroids. SGA status was associated with higher odds of death or neurodevelopmental impairment , P<0.001].
Conclusion-SGA status among infants <27 weeks' gestation was associated with an increased risk for postnatal steroid use, mortality, growth failure and neurodevelopmental impairment at 18-22 months' CA.
Keywords extremely preterm infants; neurodevelopmental follow-up
Extreme prematurity and growth restriction are risk factors for death and adverse neonatal outcomes. [1, 2] In the 1970's, SGA preterm infants were noted to be at lower risk for respiratory distress syndrome (RDS) and intracranial hemorrhage (ICH). [3] It was then proposed that these infants had accelerated pulmonary maturation as a response to intrauterine stress. [3, 4] In 2000, the Vermont Oxford Network study on very low birth weight (VLBW) infants with birth weights (BW) <10 th percentile for gestation showed significantly higher odds of death, necrotizing enterocolitis (NEC) and RDS compared with appropriate for gestational age (AGA) infants. [5] Similarly, Simchen et al noted that growth restriction was not protective against adverse neonatal outcomes and that SGA preterm infants were at higher risk for mortality and infection when compared with AGA preterm infants. [6] In addition to the risk of death and adverse neonatal outcomes, [5] [6] [7] preterm SGA infants may also be at greater risk for neurodevelopmental impairment later in life. [8, 9] Morsing et al demonstrated that SGA infants born between 24 and 29 weeks gestation had increased risk of cognitive impairment than AGA preterm infants at 5-8 years of age. [10] In the EPIPAGE study, infants born between 29 to 32 weeks' gestation with BWs <10 th percentile were more likely to have cognitive and behavioral problems at school age; however, this was not observed for survivors born at 24 to 28 weeks that had BWs <10 th percentile. [11] Many studies on preterm SGA infants are limited by small sample size and have shown conflicting results regarding neonatal and long-term neurodevelopmental outcomes. Furthermore, growth restriction during fetal life resulting in SGA status has been associated with later onset of childhood and adult disease. [12] Thus, investigation of risk factors and long term health outcomes associated with SGA status among preterm infants is important. We hypothesized that SGA infants <27 weeks' gestation are at higher risk for morbidity and mortality during the initial hospitalization and growth and neurodevelopmental impairment at 18-22 months' CA compared with non-SGA infants. The objectives of this study were to: (1) determine the incidence and risk factors associated with SGA among infants born between 23 weeks to 26 6/7 weeks' gestation; (2) compare the risk of mortality and morbidities among SGA and non-SGA preterm infants; and (3) compare growth and neurodevelopmental outcomes at 18-22 months' CA among SGA and non-SGA infants born at <27 weeks GA.
Methods
This study was a retrospective cohort analysis of prospectively collected data from the National Institute of Child Health and Human Development Neonatal Research Network's (NRN) Generic Database and Follow-up Studies. Infants born in one of the participating NRN sites between January 2006 to July 2008, were included if they were born between 23 weeks to 26 6/7 weeks of gestation. Infants with major congenital anomalies or syndromes and those who declined neurodevelopmental follow-up were excluded from the study. Trained research personnel collected socio-demographic and clinical data from birth up to death or discharge. The timing and causes of death were included in the data collection. Each center's Institutional Review Board approved the study and data collection procedures.
BW percentiles were assessed based on the GA of the infant. GA was determined in the following order: (1) best obstetrical estimate which was based on the last menstrual period, obstetrical variables and/or early prenatal ultrasound; and (2) best neonatologist estimate based on the Ballard scoring. Definition of SGA was a BW of <10 th percentile for GA based on the sex-specific Olsen growth curves. [13] Infants with BW ≥10 th percentile for GA were defined as non-SGA. Information on neonatal morbidity was collected at death or discharge, or at 120 days, whichever occurred first. Weight, length, and head circumference were recorded at 36 weeks' postmenstrual age (PMA) and at 18-22 month follow up visit; and were plotted on the Olsen growth curves [13] and the WHO growth charts [14] respectively. Postnatal growth failure was defined as either weight or length <10 th percentile for age. All surviving infants were invited to participate in a follow-up visit at 18-22 months' corrected age (CA). During the follow-up visit, a comprehensive neurodevelopmental assessment [15] that included a neurologic examination and the Bayley Scales of Infant and Toddler Development (BSID) III [16] was performed by certified examiners trained to reliability.
The primary outcome of the study was the risk of death or neurodevelopmental impairment. Neurodevelopmental impairment was defined as presence of at least one of the following: 1) a score of <70 on the cognitive component of the BSID III, 2) moderate or severe cerebral palsy (CP) based on the gross motor functional classification system (GMFCS) [17] , 3) presence of bilateral hearing loss (+/− amplification) or bilateral blindness (vision <20/200). Secondary outcomes included were the following: cognitive scores <80 and language scores on the BSID III, morbidities associated with prematurity, duration of total parenteral nutrition, length of hospital stay, and presence of growth failure at 36 weeks PMA and at 18-22 months' CA.
Statistical Analyses
The study cohort consisted of SGA and non-SGA infants based on the Olsen growth curves. Infants who survived to NICU discharge but were lost to follow up at 18-22 months comprised the lost to follow-up group. Between group differences were compared using Chi-square or Fisher exact test for categorical variables and t-tests for continuous variables. A p value of < 0.05 was considered statistically significant. Baseline maternal and infant characteristics were compared between the lost to follow-up group and the study cohort; followed by analysis of similar baseline variables between the SGA and non-SGA groups. Descriptive statistics were used to characterize the growth and neurodevelopmental outcomes at 18-22 months' corrected age of the SGA and non-SGA groups. Covariateadjusted analyses were conducted using multivariable logistic regression models that treated study center as a random effect. Risk factors present at birth were entered into these models to estimate the association of SGA status on the primary and secondary outcomes. The results were presented as adjusted odds ratios (OR) with 95% confidence intervals (CI). Risk factors adjusted for in the model were the following: male sex, GA, antenatal corticosteroids use, multiple birth, maternal education and pregnancy-induced hypertension. These variables are important predictors of outcomes and were selected a priori based on previous studies on SGA preterm infants. Statistical analyses were performed using SAS statistical software version 9.2.
Results
The study population included 2,971 infants born between 23 0/7 and 26 6/7 weeks gestation with 385 SGA and 2,586 non-SGA infants ( Figure; available at www.jpeds.com). Compared with the non-SGA group, mothers of infants in the SGA group were more likely to have received prenatal care and ANS, to have pregnancy-induced hypertension, and to have had a high school education. SGA infants were more likely to be delivered by cesarean delivery and to have a 5-minute Apgar score <5 (Table I) . About one-half of the SGA infants also had head circumference (51%) and length (56%) <10 th percentile at birth. Infants in the non-SGA group had higher rates of RDS and surfactant treatment, surgically-treated patent ductus arteriosus and grade III/IV ICH compared with the SGA group. SGA infants had higher rates of postnatal steroid use and had longer duration of mechanical ventilation and hospital stay (Table II) . Rates of other morbidities were comparable between the two groups. The overall mortality was significantly higher in the SGA group compared with the non-SGA group (55.8% vs. 36.5%, P < .001). Among infants <24 weeks gestation, more SGA infants died due to immaturity and were offered comfort care only (29% vs. 18%, p <.001). Although the duration of total parenteral nutrition use were similar, SGA infants were more likely to have a slower weight gain velocity, growth failure and head circumference <10 th percentile at 36 weeks PMA (Table II) .
Of the 1,492 infants who survived and completed the 18-22 month follow-up visit, 150 infants were SGA and 1,342 infants were non-SGA. The follow-up rate was 82.3% for this study cohort (Figure) . Mothers of infants lost to follow-up were less likely to have received prenatal care and ANS or to have pregnancy-induced hypertension. Infants lost to follow-up were less likely to be born via cesarean delivery or to have RDS and growth failure at 36 weeks PMA; but they were more likely to weigh more at birth and to have bronchopulmonary dysplasia (BPD), surgically-treated patent ductus arteriosus, grade III/IV ICH and cystic periventricular leukomalacia (data not shown).
Analysis of the growth and neurodevelopmental outcomes at the 18-22 month follow-up visit showed that SGA infants were more likely to have growth failure, head circumference <10 th percentile, blindness, moderate to severe CP and cognitive scores <80 on the BSID III compared with the non-SGA group (Table III; available at www.jpeds.com). After adjusting for study center and risk factors present at birth in the regression model, SGA status remained significantly associated with death or neurodevelopmental impairment at 18-22 months' CA with an adjusted OR [95% CI] of 3.91 [2.91-5.25] (Table IV) .
Discussion
SGA infants born between 23 and 26 6/7 weeks gestation were compared with those infants whose BW was ≥10 th percentile using the Olsen growth curves. [13] There was a significantly higher rate of maternal pregnancy-induced hypertension in the SGA group compared with mothers in the non-SGA group. Non-SGA infants had higher rates of neonatal morbidities such as RDS, surgically-treated patent ductus arteriosus and grade III/ IV ICH; and SGA infants had a higher rate of postnatal steroid use and required longer duration of mechanical ventilation and hospitalization. In spite of lower prematurity associated morbidities, SGA infants had significantly higher risks of death, postnatal growth failure and neurodevelopmental impairment at 18-22 months' CA compared with non-SGA infants (regardless of adjustment for ANS and maternal education).
Based on Olsen growth curves published in 2010, our frequency of SGA infants was 13% among the 2,971 infants studied. Growth curves generated from a population that may no longer be representative of the current population of extremely preterm infants may lead to confusing results when analyzing the association of SGA status and neonatal outcomes. In a separate analysis using the Alexander growth curves, [18] the frequency of SGA infants for our cohort was calculated to be 6% instead of 13% and 208 infants would have been misclassified as non-SGA. Infants of higher birth orders were also plotted on the Olsen growth curves because the intrauterine growth of singleton, twins, and triplets are similar up to ~28 to 30 weeks gestation. [18, 19] Although several studies on outcomes of SGA infants have been published, there is difficulty in delineating the true effects of SGA status on neonatal morbidities and long term outcomes due to comparison of SGA infants with other preterm infants that were matched for birth weight and not for their GA. Claas et al evaluated neonatal outcomes of 81 AGA and 98 SGA preterm infants with BW of ≤750g; and found that AGA preterm infants had a higher risk for RDS and severe intraventricular hemorrhage (IVH) compared with the SGA infants. [9] However, the population of AGA infants in this study were of much younger GA than the SGA group with mean GA of 26.3 weeks vs. 28.5 weeks. [20] Bardin et al studied 37 SGA and 147 AGA preterm infants and showed no difference in the risk of death and RDS. [21] Simchen et al demonstrated that SGA infants born at 27 to 32 weeks gestation had higher rates of death and culture-proven sepsis compared with AGA preterm infants; however, no difference in the incidence of IVH was found. [6] In addition to limited sample size, some studies have selected a wider range of preterm infants that may not have completely addressed the issue of SGA status among the extremely preterm infants.
The rate of BPD was similar between the two groups in this study, however, SGA infants remained on mechanical ventilation longer and received postnatal steroid more often than non-SGA infants. We speculate that aside from their respiratory status, SGA infants may have received a longer duration of mechanical ventilation in view of their smaller body mass and the high caloric expenditure associated with work of breathing among premature neonates. Because we do not have a standardized protocol regarding postnatal steroid use among the centers of the NRN, we were unable to explain why postnatal steroid use was significantly higher in the SGA group. Similar to previous report, ANS exposure was more common among SGA infants and this may explain the lower incidence of severe ICH compared with the non-SGA group. [22] Rates of late-onset sepsis/meningitis, NEC, and cystic periventricular leukomalacia were comparable between the two groups of infants. A higher mortality rate among the SGA group may explain the lack of association with other morbidities, because they did not survive long enough to develop these problems. In addition to a higher mortality rate, there were also more SGA infants that died without intensive care treatment. It is possible that the combination of extreme prematurity and growth restriction have led to a decision of a non-aggressive approach in the management of these infants.
Many studies reporting on growth and neurodevelopmental outcomes of SGA infants have shown conflicting results due to limited numbers of survivors at follow-up. In the EPIPAGE study, SGA status was not significantly associated with CP, school difficulties, or cognitive and behavioral problems among preterm infants born at 24 to 28 weeks gestation. [11] Latal-Hajnal et al noted that SGA status among 219 VLBW infants studied did not confer worse neurodevelopmental outcome; however, SGA infants with catch-up weight <10 th percentile by two years of age had lower mean (SD) psychomotor developmental index compared with SGA infants with catch-up weight >10 th percentile [89. 9 (17.4) vs. 101.8 (14.5) ]. [23] Our study demonstrated that SGA infants were at higher risk for postnatal growth failure and neurodevelopmental impairment at 18-22 months' CA. Mothers of SGA infants had significantly higher rates of prenatal care and had more years of education; and despite adjusting for other predictors at birth in the analysis, SGA infants remained at higher risk for death or neurodevelopmental impairment at 18-22 months' CA compared with their AGA counterparts. A more frequent use of neonatal treatments that may result in adverse longterm outcomes such as postnatal steroid, [24] may have contributed to a higher rate of death and neurodevelopmental impairment among the SGA group. The higher rate of postnatal steroid use in the SGA group may have counteracted the beneficial effect of ANS exposure [25, 26] on death and neurodevelopmental impairment.
Currently, there is growing evidence to support that there are neurologic and behavioral adverse effects of fetal growth restriction among SGA preterm infants. A study on 36 sets of SGA extremely low birth weight twins/triplets and their AGA twin/triplet siblings showed SGA infants remained smaller in size and had more behavioral, speech and visual problems at school age despite being raised in the same environment compared with their AGA twin/ triplet. [27] In sheep models with growth restriction in the latter half of gestation, growthrestricted lambs have decreased myelination, which can affect the conduction velocity of axons and potentially compromise neural function. [28] Inder et al demonstrated that VLBW infants with intrauterine growth restriction were not protected from moderate or severe white matter abnormality on magnetic resonance imaging (MRI) after adjusting for GA and mode of delivery. [29] A brain MRI study by Tolsa et al of 28 preterm infants (half with placental insufficiency and BW <10 th percentile) showed significantly reduced intracranial volume and cerebral cortical gray matter both at two weeks of age and at term equivalent, compared with the matched AGA preterm infants. [30] There are limitations to our study. We had a lost to follow-up rate of 17% at the 18-22 month visit. The use of 10 th percentile as the cut-off may not have been the optimal cut-off point to distinguish important differences in outcomes between the two groups of infants. Further investigations using other percentiles should be done to delineate the true effects of SGA status among these high risk infants. Our study focused on SGA status at birth; we do not have detailed information on the cause of growth restriction during pregnancy that resulted in the SGA status. The strengths of this study are the large and diverse group of high risk infants and the participation of multiple academic centers. The use of the Olsen growth curves to determine the SGA status at birth is unique and has not been used previously to determine the short and longer term health outcomes of SGA preterm infants.
In conclusion, our findings support the concept that SGA status at birth confers an additional hazard to survival, growth and neurodevelopmental outcome in extremely preterm infants. This information should be considered during antenatal or postnatal discussions with parents when an extremely preterm infant is SGA. In addition, the importance of long term followup should be emphasized to families at discharge with early referral to special services if neurodevelopmental impairment is detected. Lastly, optimal nutrition and close supervision of all growth variables are important, as SGA infants are also at risk for postnatal growth failure which can negatively impact their neurodevelopment. 
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